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I .  

ABSTRACT 

A l abo ra to ry  i n v e s t i g a t i o n  of  minia ture  s l i p  r i n g  assem- 

blies was conducted, This  i n v e s t i g a t i o n  was a cont inua t ion  of  

t h e  i n i t i a l  program whose ob jec t ives  w e r e  t o  determine the in -  

f luence  of  r i n g ,  brush and i n s u l a t o r  m a t e r i a l s  on e lectr ical  

no i se  and mechanical wear c h a r a c t e r i s t i c s ,  The no i se  charac te r -  

i s t ics  of experimental  and commercial capsules  w e r e  s tud ied .  

Extensive run-in tests have demonstrated t h a t  d e s t r u c t i v e  g a l l i n g  

and e ros ion  effects  occur primari”ly i n  un lub r i ca t ed  systems 

which permit high l o c a l i z e d  temperatures,  Sur face  l u b r i c a t i o n  

wi th  P-38 s y n t h e t i c  o i l  has b e e n  found t o  be e f f e c t i v e  i n  min- 

imizing wear and maintaining low no i se  l e v e l s ,  Spectrographic  

a n a l y s i s  of  wear debris ind ica t ed  t h a t  t h e  only c o n s t i t u e n t  was 

go ld  from t h e  r i n g  and brush surfaces, Microhardness measure- 

ments w e r e  made on e l e c t r o d e p o s i t s  from rhodium, palladium, 

and platinum modified gold ba ths ,  b u t  no s i g n i f i c a n t  i nc rease  

i n  plate  hardness  was obtained. Prel iminary s tudy of vacuum 

ope ra t ion  showed t h a t  under t h e  cond i t ions  of medium vacuum 

s u r f a c e  l u b r i c a t i o n  was s t i l l  e f f e c t i v e  i n  minimizing wear de- 

p o s i t  s. 

I I T  R E S E A R C H  I N S T I T U T E  
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INVESTIGATION OF SLIP R I N G  ASSEMBLIES 

I .  I NTRO DUCT1 ON 

This r e p o r t  summarizes the  r e s u l t s  of a l abora to ry  inves-  

t i g a t i o n  conducted during I I T R I  P r o j e c t  E6000 " Inves t iga t ion  

of S l i p  Ring A s s e m b l i e s , "  f o r  t h e  George C ,  Marshal l  Space 

F l i g h t  Center Nat iona l  Aeronautics and Space Adminis t ra t ion ,  

Hun t sv i l l e ,  Alabama, The program w a s  concerned p r imar i ly  w i t h  

t h e  s tudy of no i se  c h a r a c t e r i s t i c s  of experimental  and commer- 

c i a l  s l i p  r i n g  capsu le s ,  and was a con t inua t ion  of an e a r l i e r  

program i n  which the eva lua t ion  of appropr i a t e  m a t e r i a l s  f o r  

s l i p  r i n g  assemblies  was conducted, Th i s  eva lua t ion  e s t a b l i s h e d  

t h a t  e l e c t r o p l a t e d  r i n g s  of s o f t  go ld  and t w o  hard gold a l l o y s  

coupled w i t h  brushes of Neyoro 28A exh ib i t ed  no i se  l e v e l s  con- 

siderably l o w e r  than  t h e  p re sen t ly  accepted va lue  of  LO micro- 

v o l t s  p e r  mil l iampere of b r u s h  c u r r e n t ,  

Minia ture  s l i p  r i n g  assemblies are normally used t o  

t r a n s m i t  e l e c t r i c a l  informatiOK a c r o s s  the axes of iner t . i . a l  

p l a t fo rms  i n  space v e h i c l e  guidance system.s, Excessive elec- 

t r i c a l  no i se  a t  t h e  s l i d i n g  con tac t  s t r o n g l y  i n t e r f e r e s  w i t h  

c i r c u i t  performance, p a r t i c u l a r l y  the nul l - seeking  type of 

c i r c u i t  a 

The i n v e s t i g a t i o n  descr ibed h e r e l n  was s p e c i f i c a l l y  d i r e c -  

t e d  toward problem a r e a s  encountered wi th  a commercial 80-ring 

capsu le  used i n  launch veh ic l e s ,  T h i s  capsule  i s  descr ibed 

i n  Drawing GC-125209, e n t i t l e d  "Spec i f i , ca t ions  f o r  ST-124 S1i.p 

I l T  R E S E A R C H  I N S T I T U T E  

-1- 



Ring Assemblies," i s sued  by George C, Marshall  Space F l i g h t  

Center ,  A s t r i o n i c s  Laboratory, 

complete 360' r o t a t i o n  even though i t s  normal o s c i l l a t i o n  about 

a f ixed  opera t ing  poin t  i s  only about 0,5 minutes of an a r c o  

I t s  opera t ing  l i f e  i n  a l au rch  vehic le  i s  only about two minutes,  

b u t  q u a l i f i c a t i o n  and acceptance t e s t s  requi re  a t o t a l  l i f e  of  

about 7 5  hours. For the labora tory  work of t h i s  program, exper- 

imental  capsules  were f ab r i ca t ed  having the  same r i n g  and brush 

dimensions a s  the a c t u a l  capsule i n  order  t o  s imulate  t h e  a c t u a l  

ope ra t ing  condi t ions  a s  c lose ly  a s  p o s s i b l e u  

The capsule must  be capable of 

I I T  R E S E A R C H  I N S T I T U T E  
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11. PROGRAM OBJECTIVES AND SCOPE 

The p r i n c i p a l  ob jec t ive  of t h i s  program was a comprehensive 

study of no ise  c h a r a c t e r i s t i c s  of experimental  and commercial 

s l i p  r i n g  assemblies t o  be based on long t e r m  run-in tests, 

The experimental  assemblies were t o  be f a b r i c a t e d  from m a t e r i a l s  

proven during t h e  course of t he  i n i t i a l  program t o  e x h i b i t  super- 

i o r  no ise  c h a r a c t e r i s t i c s ,  The program was divided i n  s eve ra l  

bas i c  t a sks .  

The o b j e c t i v e  of the  f i rs t  t a s k  was t o  v e r i f y  the vibra-  

t i o n ,  th reshold  and r e p e a t i b i l i t y  e f f e c t s  of commercial capsules  

t h a t  w e r e  demonstrated during the i r , i t ia l  program by experi-  

mental capsules .  As an add i t iona l  t a s k ,  the w e a r  debris accumu- 

l a t e d  during t h e  run-in tests had t o  be c o l l e c t e d  and s t u d i e d  

t o  i d e n t i f y  t h e  chemical and meta l lurg ica l  na tu re  of debris 

d e p o s i t s  so t h a t  i t s  sources  could  be determined and c o r r e c t i v e  

measures s p e c i f i e d ,  

S ince  it i s  known t h a t  surface Lubricat ion can improve 

the  no i se  c h a r a c t e r i s t i c s  of s l i d i n g  c o n t a c t s ,  another  task had 

a s  i t s  ob jec t ive  the  eva lua t ion  of surface l u b r i c a t i o n  e f f e c t s .  

The r e s u l t s  of the study of precious metal  hardening 

agen t s  c a r r i e d  o u t  during t h e  first y e a r ' s  e f f o r t  w e r e  incon- 

c l u s i v e ,  p r imar i ly  because of the  d i f f i c u l t i e s  t h a t  w e r e  en- 

countered i n  ob ta in ing  reference p l a t i n g  samples from the ba th  

s e l e c t e d  a s  t h e  veh ic l e  f o r  t h e  a d d i t i o n s ,  Because of the 

p o t e n t i a l  m e r i t  of t h i s  concept,  it was decided t h a t  f u r t h e r  

I l T  R E S E A R C H  I N S T I T U T E  
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explora tory  work would be conducted using t h e  Orotemp 24K b a t h  

a s  t h e  b a s i c  b a t h  f o r  add i t ions ,  

The f u t u r e  requirements of space v e h i c l e  systems inc lude  

s a t i s f a c t o r y  performance of minia ture  s l i p  r i n g s  i n  the high 

vacuum space environment. Since the degrading e f f e c t  of vacuum 

environment on the  performance of s l i d i n g  e l e c t r i c a l  c o n t a c t s  

i s  w e l l  known, a s  a f i n a l  t a s k  of t h i s  program, a prel iminary 

study of vacuum opera t ion  of s l i p  r i n g  assemblies  was t o  be 

undertaken. 

I I T  R E S E A R C H  I N S T I T U T E  
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I11 ., TECHNICAL DISCUSSION 

A. I n v e s t i q a t i o n  of Noise Character i  sti.cs of  Experi.menta1 
Capsules 

1, Apparatus and I n s trumen t a  t ion  

Apparatus and instrumentat ion developed during t h e  course 

of t h e  i n i t i a l  program has  been used during t h i s  program except  

f o r  some modif ica t ions  and improvements, A pneumatically-driven 

t o r s i o n  o s c i l l a t o r  was used f o r  d r iv ing  t h e  slfs r i n g  capsule  

i n  t h e  o s c i l l a t i o n  mode, The u n i t  was opera ted  from a n i t rogen  

g a s  c y l i n d e r ,  and t h e  housing por t ion  w a s  p re s su r i zed  t o  provide 

a dry  n i t rogen  p r o t e c t i v e  atmosphere f o r  t h e  capsu leu  The 

t o r s i o n a l  system was designed t o  ope ra t e  a t  a frequency of 

about 10 t o  1 2  c p s ,  and peak-to-peak d e f l e c t i o n s  of  up t o  6' 

could be obtained,  A pneumatic system was selected p r imar i ly  

t o  avoid noise  and pick-up from a motor d r ive ,  

For continuous r o t a t i o n  t e s t s ,  the same appara tus  was 

used except t h e  capsule  r o t o r - i n e r t i a l  c y l i n d e r  combination was 

b e l t  dr iven  a t  200 rpm by a small synchronous motor, A photo- 

graph of t h e  appara tus  i s  shown i n  Figure i o  

E l e c t r i c a l  no i se  was measured d i r e c t l y  a c r o s s  p a i r s  of 

brushes  by sensing t h e  vol tage  a t  t h e  ends of t h e  brush l e a d s  

when a cons tan t  d-c c u r r e n t  was passed through t h e  brush c i r -  

c u i t ,  The d-c vo l t age  was supplied by a n  a d j u s t a b l e  Heathki t  

r egu la t ed  power supply, The vol tage drop a c r o s s  two brushes 

was ampl i f ied  by a Tektronix Type 1 2 2  Low Level Pre-,Amplifier 

and a Ke i th l ey  Decade I s o l a t i o n  Amplif ier  and then  f ed  t o  a 

I I T  R E S E A R C H  I N S T I T U T E  
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Tektronix Type 545A osc i l loscope  and a General, Radio Type l52lA 

Graphic Level Recordero The use of the GR Graphic Level Recorder 

permit ted determlnat ion of the t r u e  RMS value  of no i se  w h i l e  the 

Tektronix CRO enabled measurements of peak-to-peak no i seo  

To permit the Mate r i a l s  Division t o  d u p l i c a t e  the experi-  

mental arrangements, d e t a i l e d  engineerxng drawings have been 

prepared f o r  the d r i v e  assembly and f o r  the experimental  capsules .  

T h e  drawings reflected a l l  of the rnodlf icat ions made during the 

e a r l y  work of t h i s  extension,  They w e r e  forwarded t o  NASA - 

Marshal l  under s e p a r a t e  cover,  

2,  Basic Noise C h a r a c t e r i s t i c s  

Two experimental  capsules  w e r e  used f o r  a l l  of the tests 

The f irst  n w b e r  i d e n t i f y i n g  the capsule  during t h i s  program, 

i n d i c a t e d  the number of the expermAental  capshle  arid the second 

number was the ser ia l  number of the rir,gs, Sometines a t h i r d  

number was used which showed a rnodLfxcatxen of the  r ings ,  

I n  the i n v e s t i g a t i o n  of basic  r_oi se pa rane te r s  no ise  

measurements f o r  bo th  the  o s c i l l a t o r y  and continuous modes of 

ope ra t ion  w e r e  made w i t h  Capsule i-28-3, a capsule  conta in ing  

s o f t  go ld  r i n g s  and brushes having only one wiper armY 

d i f f e r e n c e s  i n  no i se  c h a r a c t e r l s t l c s  w e r e  noted, p a r t i c u l a r l y  

during t h e  oscillatory modeo Wlth o s c s l l a t i o n ,  a c l ipped  no i se  

waveform was obta ined  w i t h  large sp ikes  occurr ing  a t  t i m e s  when 

the r o t o r  s t a r t e d  motion i n  a d i r e c t i o n  which placed t h e  wiper 

arm i n  compression, 

placed the wiper i n  t ens ion?  very low noise  l e v e l s  w e r e  obtained,  

Several  

When the travel.  was i n  a d i r e c t i o n  which 

I l T  R E S E A R C H  I N S T I T U T E  
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To permit r e a l i s t i c  comparison wl  t h  t h e  conventional 

brush  systems, no i se  measurements wi th  t h e  s i n g l e  wiper system 

w e r e  made wi th  a brush c u r r e n t  of 12,,5 m a u  I n  t h e  o s c i l l a t o r y  

mode, peak-to-peak noise  of 75 pv was obtalned wi th  Capsule 

1-28-3- I n  t h e  continuous r o t a t i o n  tests,  peak-to-peak noise  

l e v e l s  of approximately 50 pv were obtained wi th  r o t a t i o n  i n  

e i t h e r  d i r e c t i o n ,  Exce l len t  r e p e a t i b l l i t y  of noise waveforms 

was obta ined  f o r  r o t a t i o n  i n  similar d i r e c t i o n s ,  Table 1 i s  a 

b r i e f  comparison of t h e  b a s i c  c h a r a c t e r i s t a c s  of t h e  s i n g l e  

wiper and conventional double wiper systems, 

TABLE 1 

SINGLE AND DOUBLE WIPER BRUSH SYSTEMS 

Double Wiper -_.. Sinqle  Wiper 
Capsule 1 - 28- 3 Capsule 1 - 1 B  

_i____l_l__ (Noise a t  12.,5m&(Noise a t  25 m a )  

Average Brush Force-Grams 2,51 2-59 

Average Drag Torque-Gram-Cm 

Average Resistance-Two-Ring 
Ckt-Ohms 

2 - 7 4  

0 ,577  

Threshold Peak-to-Peak Noise - 75 
O s c i l l a t i o n  - pv 

Threshold Peak-to-Peak Noise - 50 
Continuous Rota t ion  - pv 

5,12 

0,546 

34,8 

34,8 

3 ,  Hiah Current  T e s t s  

A run-in tes t  of t h e  experimental Capsule 2-38 w a s  con- 

ducted t o  o b t a i n  information o n  t h e  high c u r r e n t  performance 

of t h e  s l i p - r i n g  system and t o  e s t a b l i s h  t h e  e f f e c t s  of t h e  

inc reased  h e a t  a t  t h e  contac t ing  s u r f a c e Y  Noise was measured 
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f o r  a brush c u r r e n t  of  1 ampere flowing throLgh two brush-ring 

c i r c u i t s  i n  series, The i n i t i a l  no i se  l e v e l  ranged f r o m  1000 

t o  1800 pv,  and a f t e r  70 hours of run-in a t  200 rpm, the no i se  

l e v e l  was 3000 t o  4000 pv, Disassembly of Capsule 2-38 revea led  

very l i t t l e  debris and almost no permanent darkage t o  the brush 

o r  r i n g  su r faces ,  Apparently,  the p resen t  brush-ring system 

i s  capable of s a f e  opera t ion  a t  r e l a t i v e l y  h igh  c u r r e n t s  w i t h  

almost a l i n e a r  i n c r e a s e  i n  the no i se  pe r  u n i t  of brush cu r ren t .  

4, Surf ace  Lubr ica t ion  

To study the effects  of surface bkbricatmon on the no i se  

c h a r a c t e r i s t i c s ,  Capsule 1-37 w a s  assembled w i t h  a t h i n  coa t ing  

of P-38 s y n t h e t i c  o i l  on the r ing  and brksh contac t ing  su r faces ,  

A f t e r  335 hours of  run-in a t  200 r p m  w i t h  a brush c u r r e n t  of 

25 ma, no i n c r e a s e  i n  no i se  l e v e l  was detected, Inspec t ion  of  

the capsule  under the microscope revealed tha t  too l i t t l e  w e a r  

debris had accumulated t o  c o l l e c t  and, t h e r e f o r e ,  no a n a l y s i s  

was attempted, Figure 2 shows the  conditS.on of the  r i n g s  and 

brushes  a f t e r  the tests, To confirm t h e s e  r e s u l t s ,  Capsule 1-39 

was coated wi th  P-38 o i l  and ran-in,  A f t e r  410 hours no ev i -  

dence of no i se  l e v e l  i nc rease  w a s  observed and p r a c t i c a l l y  no 

wear debris w a s  p re sen t ,  The r ing  and brush contac t ing  s u r f a c e s  

w e r e  found t o  be i n  excellent mechanical condition, These 

r e s u l t s  conclus ive ly  e s t a b l i s h  t h a t  su r f ace  l u b r i c a t i o n  i s  

e f f e c t i v e  i n  maintaining low noise  l e v e l  and ip, minimizing wearo 

Th i s  i s  analogous t o  t h e  experience with TT7 t u n e r s ,  where it i s  

I I T  R E S E A R C H  I N S T I T U T E  
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I .  

necessary t o  use a l u b r i c a n t  on  the prec ious  metal  a l l o y  of 

the  con tac t  sp r ings  t o  reduce wear of the a l l o y  and g ive  long 

l i f e .  

The e f f e c t s  of sur face  l u b r i c a t i o n  wi th  a g raph i t e -o i l  

mixture  w e r e  eva lua ted  w i t h  Capsule 2-40, I t  w a s  assembled w i t h  

a t h i n  coa t ing  o f  "Oildag" on the  r i n g  and b r u s h  contac t ing  

sur faces .  "Oildag" i s  the tradename of a c o l l o i d a l  d i spe r s ion  

of g r a p h i t e  i n  petroleum o i l  manufactured by the Acheson Co l lo ids  

Company. I t  i s  widely used a s  a l u b r i c a n t  f o r  s l i d i n g  c o n t a c t s ,  

p a r t i c u l a r l y  wi th  heavy cu r ren t s ,  T h e  run-in test  was c a r r i e d  

o u t  f o r  338 hours a t  200 r p m  w i t h  a brush c u r r e n t  of 25 ma- 

The i n i t i a l  no i se  l e v e l  w a s  very high /43000 microvol t s  peak- 

to-peak.) During the run-in, the f l u c t u a t i o n s  of no i se  w e r e  

q u i t e  pronounced and random, b u t  i n  g e n e r a l ,  the  no i se  l e v e l  

decreased wi th  f i n a l  readings between 200 t o  300 p v I  peak-to- 

peak, The rms no i se  decreased f r o m  an i n i t i a l  53 t o  56 db t o  

the f i n a l  va lues  of 27 and 30 db, N o  s i g n i f i c a n t  d i f f e r e n c e  

i n  the performance of the 80' and 90' grooves w a s  observed, 

Because of t h e  r e l a t i v e l y  high noise  Levels ,  it was concluded 

t h a t  the g raph i t e -o i l  mixture is not  an e f f e c t i v e  l u b r i c a n t  

f o r  the ma te r i a l  system p resen t ly  used i n  commercial capsules ,  

5. 80° Versus 90' Grooves 

I n  t h e  o r i g i n a l  program, a s impl i f i ed  t h e o r e t i c a l  a n a l y s i s  

suggested t h a t  t h e r e  may be some advantage i n  using 80' grooves 

i n  p l a c e  of 90° grooves, Several  of t h e  capsu le s  used i n  t h e  

run-in tests u t i l i z e d  a r i n g  cy l inde r  having two 80' and two 

I I T  R E S E A R C H  I N S T I T U T E  
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90' grooves, 

of  grooves f o r  approximately one-half of the t o t a l  t es t  t i m e  

During the tests cu r ren t  was suppl ied  t o  each p a i r  

wi th  f requent  changes from one p a i r  t o  t h e  o t h e r ,  

some of  the earlier t e s t  r e s u l t s  i n d i c a t e d  some advantage f o r  

the 80' grooves,  subsequent tests of l k b r i c a t e d  capsules  have 

Although 

no t  demonstrated any s i g n i f i c a n t  d i f f e r e n c e s  between the two 

systems, I t  i s  poss ib l e  t h a t  the d i f f e r e n c e s  may have been 

masked by t h e  b e n e f i c i a l  e f f e c t s  of sLrface l u b r i c a t i o n ,  

B. l n v e s t i q a t i o n  of Noise C h a r a c t e r i s t i c s  of Commercial 
80-Rinq Capsules 

1, V e r i f i c a t i o n  of  Vibration, Threshold,  and R e p e a t i b i l i t v  
E f f e c t s  

To confirm t h a t  no ise  c h a r a c t e r i s t i c s  obt.aA.ned w i t h  ex- 

per imental  capsules  during t h e  o r i g i n a l  program a r e  represen- 

t a t i v e  of genera l  s l i p  r i n g  performance 'f twc! corrrereial  ST-124 

S l i p  Ring A s s e m b l i e s  w e r e  subjected t~o l abo ra to ry  eva lua t ion  

us ing  t h e  same ins t rumenta t ion ,  apparatus!  arid techniques t h a t  

w e r e  u t i l i z e d  f o r  eva lua t ion  of  experirnentai eapsul.es, The 

t o r s i o n a l  d r i v e  appara tus  was modified t o  inco rpora t e  an alum- 

inum reel between t h e  i n e r t i a l  cylncder ar,d the capsule  r o t o r  

upon which the  unused r o t o r  l e a d s  w e r e  wound during o s c i l l a t i o n  

and continuous r o t a t i o n  tests, Adjustment of the d r iv ing  f o r c e s  

was a l s o  r equ i r ed  t o  overcome the  increased  drag--torque of a 

commercial assembly, 

The r e s u l t s  of no ise  measurements w i t h  t h e  t w o  commercial 

capsu le s  a r e  presented  i n  Table 2 "  The noise  l e v e l s  are con- 

s i d e r a b l y  below t h e  accepted l e v e l  of 10 microvol t s  p e r  

I I T  R E S E A R C H  I N S T I T U T E  
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milliampere,  The f a c t  t h a t  l o w  noise  l e v e l s  can be obtained 

wi th  commercial assemblies  i s  a t t r i b u t e d  t o  t h e  low v ib ra t ion  

method used f o r  d r iv ing  t h e  capsule.  

TABLE 2 

N O I S E  MEASUREMENTS - COMMERCIAL ASSEMBLIES 

Assembly A 

Assembly B 

Threshold Noise a t  25 ma - 2 r i n a s  
- O s c i l l a t i o n  Continuous Rota t ion  

O s c i l l a t i o n  tests were performed w i t h  Comrercial Capsule 

t o  determine whether t he  threshold effect  i s  genera l ly  

app l i cab le ,  Figure 3 is a p l o t  of peak-to-peak noise  a t  25 m a  

versus  the  peak-to-peak angular  amplitkde of o s c i l l a t i o n  a t  10 

cps,  The r e l a t i o n s h i p  obtained i s  p r a c t i c a l l y  i d e n t i c a l  t o  t ha t  

obta ined  f o r  t h e  experimental  s o f t  gold rrr,gs, and i n d i c a t e s  

t h a t  commercial capsules  do e x h i b i t  the threshold  noise  e f f e c t ,  

I1 B I I  

The noise  waveforms f o r  corrimerciai capsules  during con- 

t inuous  r o t a t i o n  e x h i b i t  t he  same degree of r e p e a t i b i l i t y  t h a t  

was demonstrated by experimental capsuies ,  Figure 4 i s  an  

osc i l logram of noise  during r o t a t i o n  a t  200 rpm- The upper 

of each p a i r  of t r a c e s  i s  t h e  photo c e l l  oktput  produced by a 

mask a t tached  t o  t h e  r o t o r  having 1 6  equal ly  spaced holes  

around i t s  circumference.  One of t h e  holes  was masked and the 

hole  ad jacent  was half-covered so t h a t  p o s i t i o n  and d i r e c t i o n  

of r o t a t i o n  could be es tab l i shed  by the absence of a l i g h t  

I I T  R E S E A R C H  I N S T I T U T E  
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, 

p u l s e ,  preceded o r  followed by a pu l se  of reduced ampl i t i t ude -  

An example of no i se  r e p e a t i b i l i t y  i s  the noise  sp ike  w h i c h  

occurs  r e g u l a r l y  a t  t h e  pos i t i on  of  the absent  l i g h t  pu lse .  

The r e g u l a r i t y  of no i se  waveforms i s  a t t r i b u t e d  t o  the depen- 

dence of no i se  on l o c a l i z e d  sur face  imperfect ions,  

The commercial capsules  were found t o  e x h i b i t  an "end 

o s c i l l a t i o n "  effect  s i m i l a r  t o  tha t  demonstrated by the experi-  

mental capsules .  T h i s  e f f e c t  occurs  a t  the end of each f r e e  

r o t a t i o n  tes t ,  I t  was found t h a t  the r o t o r  o s c i l l a t e s  s l i g h t l y  

j u s t  be fo re  motion stopped, T h i s  i s  be l ieved  t o  be r e l a t e d  t o  

the r o l l i n g  a c t i o n  of  t h e  brushes,  

zero v e l o c i t y ,  t h e  s l i d i n g  contac t  s tops  and the brushes tend  

t o  d e f l e c t  back toward t h e i r  equi l ibr ium p o s i t i o n s ,  Because of 

f r i c t i o n  between t h e  brush and the r i n g ,  t h i s  d e f l e c t i o n  causes  

the r o t o r  t o  o s c i l l a t e  u n t i l  t he  n e u t r a l  p o s i t i o n s  of t h e  brushes  

a r e  achieved, 

c i r c u i t  capsule ,  t h e  end o s c i l l a t i o n  motion a t t enua ted  q u i t e  

r ap id ly .  However, when ex te rna l  weights w e r e  added t o  t h e  

system t o  i n c r e a s e  i t s  moment of i n e r t i a ,  slowly decaying end 

o s c i l l a t i o n s  w e r e  obtained,  

2,  Run-In T e s t s  

When the  r o t a t i o n  approaches 

Because of t h e  increased drag-torque of an 80- 

The run-in t es t  of Commercial Capsule "B"  was performed 

a t  200 rpm with a ring-brush cu r ren t  of 25 mao The f i rs t  ev i -  

dence of no i se  i n c r e a s e  appeared a f t e r  200 hours of ope ra t ion  

wi th  peak-to-peak noise  sp ikes  of about 200 microvol ts .  The 

n o i s e  continued t o  inc rease  r ap id ly  t o  l e v e l s  of 2000-3000 

I I T  R E S E A R C H  I N S T I T U T E  
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microvol t s  a t  about 300 hours,  and the tes t  was terminated., 

During t h e  t e s t ,  t h e  RMS no i se  l e v e l  increased  from the o r i g i n a l  

12 db above t h e  one microvolt  l e v e l  t o  a f i n a l  value of 50 db. 

The commercial 80-c i rcu i t  capsule  assembly was opened t o  

c o l l e c t  t h e  wear debris, 

w e r e  no t  t y p i c a l  of previous experience wi th  t h e  experimental  

capsules .  A l a r g e  q u a n t i t y  of  about 0,060 grams of w e a r  mater- 

i a l  was c o l l e c t e d  and s tudied  unde r  the microscopeu The  major 

w e a r  d e b r i s  i n  t h i s  case  w a s  composed of s m a l l  gold chunks, 

f l a k e s  and s l i v e r s  of var ious  s i z e s ,  almost a l l  comparatively 

l a r g e .  A few pieces of epoxy r e s i n  w e r e  observed and a l s o  a 

f e w  p i e c e s  of t h e  welding or so lder ing  a l l o y  used t o  hold t h e  

brushes on t h e  brush block, One of the brushes had broken off 

a t  t h e  p o i n t  a t  which it was welded t o  i t s  junc t ion  block and a 

number of t h e  brushes  w e r e  no longer  i n  con tac t  w i t h  t h e  r i n g s ,  

I n  a few c a s e s ,  s l ivers  of gold w e r e  adhering t o  one r i n g  which 

w e r e  long enough t o  touch and poss ib ly  s h o r t  t o  an ad jacen t  

r i n g ,  Me ta l lu rg ica l  inspec t ion  of  t h e  capsule  ind ica t ed  t h a t  

severe g a l l i n g  and eros ion  had occurred i n  the grooves. This  

r e s u l t  was a t t r i b u t e d  t o  se iz ing  o r  a s t i c k - s l i p  phenomena which 

occurred between the r i n g  and the brush, T h i s  was a l s o  appar- 

e n t l y  respons ib le  f o r  t h e  f a t igue  and subsequent f r a c t u r e  of 

t h e  brush wiper a t  the welded junc t ion ,  

I t  was observed t h a t  the w e a r  p roducts  

I I T  R E S E A R C H  I N S T I T U T E  
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Photomacrographs shown in Figures  5 and 6 were  taken after 

the t e s t  with a magnification of 15 times. 

and erosion of the r ings,  and the condition of the brushes with a brush  

missing. 

a r e  shown in F igure  7 which was taken with a magnigication of 8 t imes.  

The la rge  amount of debr i s  and the relatively large s jze  of debr i s  

par t ic les  can be easi ly  seen in this photograph. 

3. Lubrication with P - 3 8  Oil 

They show the seve re  galling 

This brush  and the wear debris collected f r o m  the capsule 

To confirm that the beneficial effects of surface lubrication with 

P - 3 8  synthetic oil demonstrated with experimental capsules a l so  apply 

to commerc ia l  80-ring capsules ,  a run-in tes t  WBS per iormed with 

Commerc ia l  Capsule "A" af ter  i t s  contacting surfaces  w e  r e  coated 

with P - 3 8  oil. 

N o  inc rease  in noise level above the low init:al value was 

detccted af ter  432 hours  a t  200 rpm.  

capsule  a f te r  the tes t  revealed no debr i s  deposits arid no meshar,ical 

damage to the r ings and brushes.  

with the run-in resu l t s  obtained with an unlubricsted t-ommerciii! 

assembly .  

ncjise spikes ol 20 y v  peak-to-peak w e r e  evident a f t c x r  aboiit 200 ~ O U I ' J ,  

and noise leve ls  of 2000-3000 pv were measured whtm t h e  test was 

1ermJnatc.d a f t e r  3 10 hours .  

damage to the r ings and brushes were observed uhen the capsule 

Disassembly ot' th.; commerc.ia1 

These raai l l t s  w e r e  in d i r e c t  contrast  

During the run-in of Commercial  C ~ p s u l e  "B,' (tlnlubricated), 

Excessive debria  deposits and  p?rm&ncr,t 
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FIGURE 5 PHOTOMACROGRAPH O F  COMMERCIAL CAPSULE "B" 
AFTER RUN-IN 
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FIGURE 6 PHOTOMACROGRAPH O F  COMMERCIAL CAPSULE "B'l 
AFTER RTJN-IN 

FIGURE 7 WEAR DEBRIS AND A BROKEN OFF BRUSH FROM 
COMMERCIAL CAPSULE "Bll 
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w a s  disassembled and inspec ted ,  These r e s u l t s  a r e  s i m i l a r  t o  

those  obtained w i t h  l u b r i c a t e d  and unlubr ica ted  experimental 

capsules ,  

C o  Study of Thermal E f f e c t s  

The s e i z i n g  phenomenon observed between t h e  r i n g  and the 

brush of commercial capsules  was of  g r e a t  s i g n i f i c a n c e  s i n c e  

it explained t h e  d i f f e r e n c e  i n  t h e  type of wear products  ob- 

t a i n e d  i n  commercial and experimental capsules  and a l s o  the 

poorer  no ise  c h a r a c t e r i s t i c s  obtained during the run-in tests 

of  commercial capsules ,  The apparent reason fo r  the s e i z i n g  

e f f e c t  was thermal i n  o r i g i n ,  and a major po r t ion  of t h e  program 

was devoted t o  i t s  s tudy,  

1. Explanation of Thermal E f f e c t s  

I t  has  been hypothesized t h a t  t h e  seizl .ng between the r i n g  

and the  brush i n  a commercial capsule  i s  a consequence of t h e  

h igh  temperatures  t h a t  a r e  developed a t  the con tac t  i n t e r f a c e o  

I n  the commercial capsule  w i t h  the  r i n g s  imbedded i n  the p l a s t i c  

r o t o r ,  each r i n g  i s  thermally i s o l a t e d ,  and h e a t  generated a t  

the con tac t  su r f ace  cannot be d i s s i p a t e d  qu ick lyu  I n  t he  exper- 

imental  capsule ,  on t h e  o t h e r  hand, t h e  common b r a s s  c y l i n d e r  

upon which t h e  r i n g s  are p la t ed  a c t s  as  a h e a t  s ink  and permits 

r a p i d  conduction of t h e  hea t  from t h e  con tac t  su r f aceD 

2. V e r i f i c a t i o n  of  Thermal E f f e c t s  

To v e r i f y  t h a t  the severe g a l l i n g  and e ros ion  wear are 

caused by thermal e f f e c t s  which promote s e i z i n g  between brush 

and r i n g ,  Capsule 2-42 was assembled t o  s imula te  t h e  thermal 
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i s o l a t i o n  t h a t  e x i s t s  between r i n g s  i n  a commercial assembly, 

I n  t h i s  s p e c i a l  capsule ,  two independent gold r i n g s  w e r e  

p ressed  onto a t e f l o n  r o t o r ,  The r i n g s  w e r e  in te rconnec ted  

a t  on ly  one p o i n t  by a s i n g l e  2 m i l  gold w i r e  t o  avoid good 

h e a t  conduction pa ths  between the  r i n g s  while s t i l l  permi t t ing  

c u r r e n t  flow and no i se  measurements, The capsule  exh ib i t ed  

inc reased  noise  a f t e r  130 hours of run-in a t  200 r p m ,  and an 

open c i r c u i t  developed a t  approximately 160 hours,  Visual  in -  

spec t ion  upon disassembly of the capsule  revealed t h a t  one 

brush  and r i n g  had se ized  causing t h e  r i n g  t o  r o t a t e  on the 

t e f l o n  r o t o r  and t o  shear  o f f  t h e  2 m i l  gold w i r e  in te rconnec t ion  

between r i n g s ,  A l a r g e  amount of  wear d e b r i s  was also present .  

F igures  8 and 9 show t h e  r i n g s  and the brushes a f t e r  t he  t es t ,  

The broken w i r e  and t h e  wear d e b r i s  can be c l e a r l y  seen i n  

F igure  8, 

The same experiment was repeated w i t h  Capsule 1-43, ex- 

c e p t  t h a t  t h i s  assembly contained four  independent r i n g s  con- 

nec ted  i n t o  p a i r s  by sepa ra t e  gold w i r e s ,  Both p a i r s  of r i n g s  

e x h i b i t e d  very high noise  a f t e r  about 90 hours of run-in a t  

200 r p m ,  and open c i r c u i t s  developed i n  both p a i r s  a t  about 96 

and 110 hours,  In spec t ion  of the disassembled capsule  aga in  

revea led  t h a t  t h e  in te rconnec t ing  w i r e s  w e r e  sheared o f f  by 

r o t a t i o n  of t h e  r i n g s  r e l a t i v e  t o  the r o t o r q  apparent ly  because 

of h igh  f r i c t i o n  o r  s e i z ing  between brushes and r i n g s ,  An 

extremely l a r g e  amount of black wear d e b r i s  w a s  found on the 

l a n d s  and i n  t h e  grooves of t h e  r i n g s ,  The poor condi t ion  of 
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FIGURE 8 PHOTOMACROGRAPH O F  CAPSULE 2-42 AFTER RUN-IN 
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FIGURE 9 PHOTOMACROGRAPH O F  CAPSULE 2-42 AFTER RUN-IN 
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the r i n g s  and brushes and the l a r g e  amount of d e b r i s  can be 

seen i n  F igures  10 and 11, 

Experience wi th  Capsules 2-42 and 1-43 i n d i c a t e s  q u i t e  

p o s i t i v e l y  t h a t  high f r i c t i o n  and/or s e i z ing  condi t ions  a r e  

developed r a p i d l y  i n  t h e  i s o l a t e d  r i n g  conf igura t ions ,  

between brushes and rings i s  probably a consequence of cumula- 

t i v e  i n c r e a s e s  i n  temperature caused by the i n t e r - r e l a t e d  

e f f e c t s  of f r i c t i o n  and hea t  generat ion,  

3 .  Thermal E f fec t s  and Surface Lubr ica t ion  

Se iz ing  

To determine the e f f ec t iveness  of surface l u b r i c a t i o n  

with the experimental  capsules ,  Capsule 2-44 was assembled wi th  

four  i s o l a t e d  r i n g s ,  each coated w i t h  P-38 oil, The r e s u l t s  

of a run-in t es t  of 412 hours of  continuous ope ra t ion  i n d i c a t e d  

again t h a t  su r f ace  l u b r i c a t i o n  w a s  e f fec tEve  i n  maintaining low 

noise  and i n  prevent ing d e s t r u c t i v e  effects, 

i d e n t i c a l  t o  t h a t  obtained w i t h  the comiercial  capsules ,  

4, O s c i l l a t i o n  T e s t s  

T h l s  r e s u l t  w a s  

The s e i z i n g  effects exhibited by uniubrscated experimental  

and commercial capsu le s  have been e s t a b l i s h e d  during continuous 

r o t a t i o n  run-in tests, To dup l i ca t e  these e f f e c t s  during an 

o s c i l l a t i o n  ruri-in t e s t ,  Capsule 1-45 w a s  oscillated a t  a f i x e d  

s t a t o r  p o s i t i o n  wi th  a frequency of 10 to 12 cps  and a t o t a l  

displacement angle  of l o o Q  t o  1 , 2 O - .  

on ly  a small  i n c r e a s e  i n  noise  l e v e l  w a s  observed, 

A f t e r  560 hours of ope ra t ion  
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FIGURE 10 PHOTOMACROGRAPH O F  CAPSULE 1-43 
AFTER RUN-IN 
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FIGURE 11 PHOTOMACROGRAPH O F  CAPSULE 1-43 
AFTER RUN-IN 
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Visual i n spec t ion  of t he  s l i p  r i n g  assembly a f t e r  com- 

p l e t i o n  of the test  revealed t h a t  some debrns was a s s m u l a t e d  

on both  sides of the ring-brush a r e a s  t h a t  w e r e  making con tac t  

during the o s c i l l a t i o n .  

pushed a s i d e  by the sweeping a c t i o n  of the brushes, T h i s  was 

confirmed by t h e  following observat ion made during t h e  test: 

moving the s t a t o r  by a very small amount would r e s u l t  i n  high 

no i se  sp ike  t h a t  would r ap id ly  disappear ,  I t  w a s  determined 

i n  previous tes ts  t h a t  no ise  i s  related t o  the speed of r o t a t i o n ,  

The equiva len t  speed during the o s c i l l a t x u n  tests was about 4 

rpm a s  compared w i t h  200 rpm during the cont inuous-rotat ion 

tests, T h i s  can exp la in  the l o w  no i se  and r e l a t i v e l y  small 

t o t a l  amount of debris a f t e r  the  prolonged test  of 560 hours. 

Also t h e  randomness of su r face  imperfectdons might be of  some 

s i g n i f i c a n c e o  I n  previous tests i t  was not iced  t h a t  the d e b r i s  

was n o t  uniformly d i s t r i b u t e d  i n  the  r m g s  and c e r t a i n  a r e a s  

w e r e  completely free of any debr i s ,  The random s e l e c t i o n  of  

t h e  con tac t  p o i n t  can,  then ,  be one of the important f a c t o r s  

i n  no i se  performance during o s c i l l a t i o n  tests, 

of t h e  r i n g s  and t h e  brushes taken w i t h  a r a g n i f i c a t i o n  of 15  

a r e  shown i n  Figure 12, 

t h e  p o i n t s  of con tac t  during t h e  o s c i l l a t i o n ,  Based on the 

l i m i t e d  tests, it might be concluded t h a t  t h e  s e i z i n g  e f f e c t s  

could no t  be dup l i ca t ed  with o s c i l l a t i o n  run-in tests p r imar i ly  

because of low equiva len t  speed of  r o t a t i o n ,  

Apparently t h i s  debris was being 

Photomacrographs 

Note the  presence of w e a r  d e b r i s  a t  
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FIGURE 1 2  PHOTOMACROGRAPH O F  CAPSULE 1-45 
AFTER RUN-IN 
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I n  another  o s c i l l a t i o n  run-in t e s t ,  Capsule 1-55 was 

assembled w i t h  f ou r  i s o l a t e d  r i n g s  l u b r i c a t e d  w i t h  P-38 o i l .  

A f t e r  484 hours of ope ra t ion ,  a small i nc rease  i n  no i se  b u t  

e s s e n t i a l l y  no wear debris w e r e  observed., 

An o s c i l l a t i o n  tes t  was performed w i t h  Capsule 2-42 t o  

determine i f  t h re sho ld  effects e x i s t  i n  thermally i s o l a t e d  cap- 

s u l e s .  The r e s u l t s ,  shown i n  Figure 1 3 ,  i n d i c a t e  t ha t  i n  gen- 

e r a l  t h i s  i s  t r u e  and t h a t  the o v e r a l l  no ise  l e v e l  i s  h igher  

than  t h a t  ob ta ined  w i t h  commercial o r  experimental capsules .  

D. Vacuum Operation of S l E p X n q  A s s e m b l i e s  

I t  i s  known t h a t  a vacuum envi rorxent  has  a degrading 

e f f e c t  on the performance of s l i d i n g  e l e c t r i c a l  con tac t s ,  T h i s  

degradat ion g e n e r a l l y  t akes  t h e  form of increased  f r i c t i o n ,  w e a r  

and e l e c t r i c a l  no i se  due t o  t h e  reduced hea t  t r a n s f e r  charac- 

t e r i s t ics  i n  a vacuum environment, The thermal e f f e c t s  t h a t  

l e a d  t o  severe g a l l i n g  and eros ion  a r e  aggravated by vacuum, 

A l i m i t e d  i n v e s t i g a t i o n  w a s  undertaken w i t h  t h e  o b j e c t i v e  t o  g e t  

a genera l  i n d i c a t i o n  of t h e  performance of t h e  p r e s e n t l y  used 

m a t e r i a l s  i n  a vacuum environment, 

1, T e s t  S e t - U p  

T e s t  appara tus  f o r  vacuum t e s t i n g  of sl;p rang capsules  

i s  shown i n  F igures  IC, and 15 a I t  cons i s t ed  of a r o t a r y  vacuum 

pump, a synchronous motor with speed reducing g e a r s ,  a magnetic 

coup le r ,  and a g l a s s  be l l  jar,,  used a s  a vacuum chamber, Two 

four-pole  C a s t  Alnico V side pole magnets w e r e  u t i l i z e d  t o  d r i v e  

t h e  s l i p  r i n g  capsule  mounted i n s i d e  of the vacuum chamber, 
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FIGURE 13 THRESHOLD EFFECT, CAPSULE 2-42, 
THERMAL ISOLATION 
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A close-up of the d r i v e  system is shown i n  Figure 15, I n s t r u -  

mentation used i n  continuous r o t a t i o n  run-ins in ni t rogen  atmos- 

phere was a l s o  employed f o r  vacuum tests, 

r o t a t e d  a t  200 rpm w i t h  a 25 ma brush c u r r e n t ,  Vacuum obta ined  

i n  t h e  i n i t i a l  t e s t  was 200 microns, Some ref inements  i n  t h e  

pumping system lowered t h e  vacuum used during subsequent tests 

t o  25 microns, 

2. T e s t  R e s u l t s  

The  capsules  w e r e  

Experimental Capsule 1-46 was run-in i n  a vacuum of 250 

microns, 

no i se  sp ikes  w e r e  observed, The average noise  l e v e l  increased  

from 30 microvol t s  t o  300 microvol ts  with f requent  pe r iod ic  

sp ikes  of up t o  2000 microvol ts ,  A f t e r  200 hours  t h e  t es t  was 

terminated,  

A f t e r  a t i m e  i n t e r v a l  of  less than 24 hours ,  high 

The v i s u a l  i n spec t ion  showed tha t  80' grooves had heavy 

d e b r i s  d e p o s i t s  a t  t h e  bottom of t h e  grooves while t h e  d e b r i s  

i n  t h e  90° grooves was concentrated m,ostPy cn  the groove shoul- 

d e r s ,  However, t h e  noise  performance of both grooves w a s  about 

equal ,  

l u b r i c a t e d  with P-38 s y n t h e t i c  o i l ,  A f t e r  380 hours a t  a vacuum 

of  25 microns, no noise  l e v e l  i nc rease  was observed and t h e  t es t  

was stopped, Visua l  inspec t ion  showed no d e b r i s  accumulation, 

due appa ren t ly  t o  the f a c t  t h a t  t h e  o i l  f i lm  remained i n t a c t .  

Another t es t  was run with Capsule 1-47 which had r i n g s  
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T e s t s  of i s o l a t e d  r i n g  experimental capsu le s ,  bo th  un- 

l u b r i c a t e d  and l u b r i c a t e d ,  were undertaken i n  a vacuum of  25 

microns. Unlubricated Capsule 2-56 with four  i s o l a t e d  r i n g s  

was r o t a t e d  f o r  284 hours, T h e  no ise  Level remained gene ra l ly  

low with occas iona l  no ise  sp ikes  of up t o  400 microvol ts ,  

Visual  i n spec t ion  upon completion of the test revealed t h a t  a 

cons iderable  amount of debris was accumulated, mostly on the 

groove shoulders ,  b u t  a l s o  some a t  the bottom of 80' grooves. 

F igures  16 and 1 7  show t h e  condi t ion of the capsule  a f t e r  t h e  

t es t ,  Capsule 2-57, w i t h  four  i s o l a t e d  r i n g s  l u b r i c a t e d  wi th  

P-38 o i l  w a s  run-in f o r  240 hours, The r e s u l t s  of no ise  meas- 

urements w e r e  q u i t e  s i m i l a r  t o  those obtained with t h e  unlubri-  

ca t ed  Capsule 2-56, however, the  l u b r i c a t e d  capsule  had no 

v i s i b l e  accumulation of w e a r  depos i t s  a t  t h e  end of t h e  test ,  

I n  o t h e r  words, t h e  e f f e c t  of l u b r i c a t i o n  w a s  no t  so much i n  

no i se  improvement a s  i n  preventing accumulation o f  wear deb r i s .  

During the run-in tests of i s o l a t e d  r i n g s  i n  i n e r t  atmosphere, 

it was e s t a b l i s h e d  t h a t  noise  and wear are c l o s e l y  i n t e r r e l a t e d ,  

Apparently t h i s  i s  no t  necessa r i ly  t r u e  f o r  vacuum opera t ion ,  

Fu r the r  tests would be needed t o  confirm t h i s  r e s u l t ,  I t  was 

a l s o  no t i ced  t h a t  i n  vacuum tes t s  the i n i t i a l  no ise  levels  w e r e  

s l i g h t l y  h igher  i n  l u b r i c a t e d  thermally i s o l a t e d  capsules  than  

i n  t h e  unlubr ica ted  capsules ,  
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FIGURE 16  PHOTOMACROGRAPH O F  CAPSULE 2-56 
AFTER RUN-IN 
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FIGURE 1 7  PHOTOMACROGRAPH O F  CAPSULE 2-57 
AFTER RUN-IN 
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E ,  Analysis  - of Wear D e b r i  s Deposl t s 

Extended opera t ion  of present ly  designed minia ture  s l i p  

r i n g  capsules  i s  not  poss ib l e  because of the high no i se  l e v e l s  

t h a t  r e s u l t  from accumulation of wear debris  d e p o s i t s  during 

long-term opera t ion ,  A s  p a r t  of the  program, a study has  been 

conducted t o  i d e n t i f y  the chemical and m e t a l l u r g i c a l  na tu re  of 

t h e  debris d e p o s i t s  i n  o r d e r  t o  determine i t s  sources  and t ake  

c o r r e c t i v e  measures, 

A s  the i n i t i a l  s t e p ,  Capsule C l - 2 8 ,  a capsule  conta in ing  

s o f t  go ld  r i n g s  which had accumulated 40,6 hours of  run-in 

was recondi t ioned and subjected t o  a second run-in process,  

The recondi t ioned capsule  was selected p r imar i ly  t o  e s t a b l i s h  

whether t h e  accumulation of d e b r i s  was a one-time or  continuous 

process ,  

A f t e r  34 hours of run-in a t  200 KPK! w i t h  t h e  recondi t ioned 

capsu le ,  excessive no i se  l e v e l s  w e r e  obtained and the  tes t  w a s  

t e rmina ted ,  Disassembly of t h e  capsule  revealed a r e l a t i v e l y  

l a r g e  amount of d e b r i s ,  t hus  i n d i c a t l n g  t h a t  d e b r i s  accumula- 

t i o n  i s  a continuous process ,  

The wear d e b r i s  depos i t s  w e r e  e x t r a c t e d  wi th  carbon d i s u l -  

f i d e  and t h e  r e s idue  taken up i n  agua ft!q!- -. , arid ashed on t h e  

carbon e l e c t r o d e  f o r  emission ana lys r s ,  Approximately O e l  

mill igram of t h e  sample w a s  p re sen to  The s t r o n g e s t  l i n e s  from 

t h i s  sample were due t o  gold and calcium; weaker l i n e s  w e r e  due 

t o  aluminum, magnesium and i r o n ,  
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To e s t a b l i s h  probable sources of t h e  wear d e b r i s  deposits, 

a sample of the P-38 o i l  used f o r  bearir,g l u b r i c a t i o n  was ashed 

and then  analyzed by t h e  emission spectrograph, The s t r o n g e s t  

l i n e s  showed the presence of barium, calcium, s t ront ium,  and 

magnesium, Aluminum and i r o n  w e r e  p resent  a l s o ,  b u t  w e r e  much 

weaker 

Since the  r i n g  and brushes a r e  made of go ld ,  i t s  presence 

i n  t h e  depos i t s  i s  expected, The presence of calcium, aluminum, 

magnesium and i r o n  i n  the s l i p  r i n g  depos i t s  could be explained 

by t h e i r  presence i n  the o i l  a s  estab1,shed by the a n a l y s i s  of  

the a s h  from o i l ,  However, presence of barium and s t ront ium 

should a l s o  then be expected i f  the  o i i  frorr, t he  bea r ings  i s  

c o n t r i b u t i n g  t o  the depos i t s ,  BecaLse of th r  s incons is tency ,  

f u r t h e r  t e s t i n g  of  debris samples was requi red  t o  o b t a i n  con- 

c l u s i v e  evidence on the na tu re  of depos i t s  and the  sources  of 

contamination, 

Capsule 2-29 was assembled wi th  s o f t  goid rir igs and a 

run-in a t  200 rpm was conducted, Durir-g t h e  run-in,  t h e  f r o n t  

bea r ing  became misaligned due t o  wear cf the rot-ar s h a f t ,  A f t e r  

i a new bear ing  was i n s t a l l e d ,  t he  rurA-in was continued w i t h  

Ring # 3 3 .  A f t e r  300 hours of opera t ior , ,  the tes t  was terminated 

even though t h e  no i se  l e v e l  was very low A small  amount of 

debris was p r e s e n t ,  Most of it was found a t  t h e  t o p  of  the 

grooved po r t ion  of  the r i n g s ,  b u t  some was a l s o  obtained from 

t h e  bottom o f  the grooves, T h e  c o l l e c t e d  debris  was s u f f i c i e n t  

t o  permit  spec t rographic  a n a l y s i s ,  To avoid p o s s i b l e  contamination 

d 
1 
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wi th  s o l v e n t s ,  t h e  debris w a s  removed in sepa ra t e  po r t ions  wi th  

t h e  a i d  of a microprobe using a low power b inocu la r  microscope 

a t  27X. Two sepa ra t e  samples of t h e  d e b r i s  w e r e  t r a n s f e r r e d  

d i r e c t l y  t o  carbon e l ec t rodes  f o r  a n a l y s i s  by emission spectro-  

graph, Although the samples w e r e  very small ,  the presence of 

gold only was detected; a l l  the o t h e r  t r a c e  l i n e s  w e r e  a l s o  

i n d i c a t e d  i n  t h e  blank runu 

Another p o r t i o n  of t h e  depos i t  was t r a n s f e r r e d  t o  a s m a l l  

s e c t i o n  of 1/8" copper tubing f o r  attachment t o  the Bendix 

t ime-of-f l ight  mass spectrometer, Slnce the sample I n l e t  system 

was n o t  set  up f o r  high temperature,  the sample was heated t o  

about 500'F using an e l e c t r i c  hea t  gun placed up a g a i n s t  the 

sample tubeo  N o  peaks other than normal background w e r e  re- 

corded; however, a s h o r t  b u r s t  (about 1 second dura t ion)  of 

hydrocarbons w a s  observed, The h ighes t  peak appeared t o  be i n  

t h e  120-140 m/e  range, 

A t h i r d  sample of debris was l e f t  i n t a c t  on one of the 

brushes and mounted f o r  a n a l y s i s  by the e l e c t r o n  probe, Even 

though t h e  d e p o s i t s  displayed a b lack  appearance under normal 

i l l u m i n a t i o n ,  t h e  t y p i c a l  gold c o l o r  was observed when l i g h t  

w a s  r e f l e c t e d  from t h e  wear p a r t i c l e s  a t  the proper  ang le ,  

and viewed under the microscope- 

The trace c o n s t i t u e n t s  of calcium, aluminum, magnesium, 

and i r o n  observed previously were apparent ly  due t o  contamina- 

t i o n  of  t h e  e l e c t r o d e  system and/or t h e  so lvent  e x t r a c t i o n  step 
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and no t  due t o  the bear ing l u b r i c a t i o n  o r  o t h e r  sources  wi th in  

the capsule-  

I n  one a d d i t i o n a l  t e s t ,  t h e  carbon d i s u l f i d e  e x t r a c t  was 

evaporated t o  about  0 . 2  m l  and then i n j e c t e d  i n t o  a gas  chrom- 

atograph operated a t  3OO0C, N o  evidence of any organics  o r  o i l  

was obtained,  

F. E f f e c t  of Precious Metal Hardenlna Auents i n  Gold Elec t ro-  
p l a t i n a  Baths 

The  r e s u l t s  of the study of prec ious  metal  hardening 

agen t s  c a r r i e d  o u t  during the f i r s t  y e a r ' s  e f f o r t  w e r e  incon- 

c l u s i v e ,  p r imar i ly  because of t h e  d i f f i c u l t i e s  t h a t  w e r e  en- 

countered i n  ob ta in ing  re ference  p l a t i n g  samples from the b a t h  

s e l e c t e d  as  t h e  v e h i c l e  f o r  t h e  a d d i t i o n s  (Oroverge Bath) 

Because of t h e  p o t e n t i a l  m e r i t  of t h i s  concept,  it was decided 

t h a t  f u r t h e r  exp lo ra to ry  work would be conducted using the 

Orotemp 24K formulat ions as  t h e  basic bath f o r  add i t ions ,  Th i s  

b a t h  w a s  selected on t h e  b a s i s  of its known good p l a t i n g  be- 

havior  i n  ear l ier  work, Five r i n g  c y l i n d e r s  w e r e  p l a t e d  f r o m  

t h i s  bath, They w e r e  used a s  r e fe rences  f o r  comparison with 

d i f f e r e n t  metal  hardening agents ,  

A series of  experiments was carrled ou t  involving t h e  

hardening of e l ec t rodepos i t ed  gold by prec ious  metal  ion  

a d d i t i o n s  of rhodium, palladium, and platinum t o  the b a s i c  go ld  

bath.  

weight family of  prec ious  metals  (Ru, R h ,  and Pd) whereas p l a t -  

inum belongs t o  t h e  high group ( O s ,  I r ,  and P t )  - 

Rhodium and palladium both belong t o  the low atomic 
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, -  

Rh/Au 
Ion  Ra t io  Ranqe of Hardness i n  Deposit 

j ,  

1, Rhodium - Treated Gold B a t h  

Specimens w e r e  p l a t e d  from a conventional n e u t r a l  pH gold  

b a t h  (Orotemp 24) w i t h  p rogress ive ly  inc reas ing  amounts of 

rhodium ion  p resen t .  The  rhodium a d d i t i o n s  w e r e  prepared from 

rhodium c h l o r i d e  (RhC13,3H20) d isso lved  i n  watero  Since it i s  

n o t  poss ib l e  t o  p r e d i c t  t h e  amount of rhodium t h a t  will code- 

p o s i t  under a given set of opera t ing  cond i t ions ,  four  l e v e l s  

of  a d d i t i o n  ion  concentrat ion were a r b i t r a r i l y  selected, These 

w e r e  Rh/Au ion  r a t i o s  of 0,0000 (no rhodium %.on) ,0001, ,001, 

and ,01. Specimens w e r e  p l a t e d  a t  a c u r r e n t  dens i ty  of 5 amperes 

p e r  square f o o t  on a r o t a t i n g  mandrel u t i l i z i n g  an i n e r t  anode, 

The microhardness determinat ions on e l e c t r o d e p o s i t s  from 

the rhodium - t r e a t e d  Orotemp 24K gold b a t h  a r e  summarized i n  

Table 3 ,  

TABLE 3 

MICROHARDNESS DATA ON Au-Rh-ELECTRODEPOSITS 

Ring No, i n  Bath VHN25 --- '"15, 

44 0" 0000 

45 0 0 0001 

46 0,001 

47 O"O1 

L 0 2 - 1 1.6 

100-118 

91-101 

59-91 

97 -101 

89-105 

83-,9 3 

76-87 

- V i c k e r s  Hardness Number ,  25 gram indentor  load ,  
25g 

* VHN 
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The specimens w e r e  mour,ted in Bake11 t e  ho lde r s  and pol- 

i shed metallographi c a l l y o  Microhardness determi Rations w e r e  

conducted on t h e  pol i shed  gold sur faces  using an Erns t  L e i t z  

Durimet machine, This  device u t i l i z e s  a square base pyramid 

diamond indentor  which i s  provided w i t h  a v a r i a b l e  loading 

f e a t u r e .  Hardness va lues  w e r e  taken a t  two inden to r  load  

l e v e l s ,  1 5  and 25 grams, Referr ing t o  the t a b l e ,  i t  i s  immedi- 

a t e l y  apparent  t h a t  an unexpected t r e n d  i n  hardness was found, 

Whereas the rhodium l e v e l  i n  the  b a t h  inc reased ,  t h e  hardness 

exh ib i t ed  a s i g n i f i c a n t  decrease- I t  can be seen t h a t  there 

i s  some v a r i a t i o n  i n  hardness from spot t o  spot  i n  the d e p o s i t s  

a 1  so 

2 ,  Palladium - Treated Gold Bath 

Massive e l e c t r o d e p o s i t s  were prepared from gold ba th  form- 

u l a t i o n s  conta in ing  pa l l ad lm/go ld  IOP r a t l o s  of 0,0000, 0,0001, 

0,001, and 0.01, P l a t i n g  w a s  c a r r i e d  out  a t  a c u r r e n t  dens i ty  

of 5 amperes pe r  square foot arid a t  a bath temperature of about 

5 5 O C O  The specimens w e r e  r o t a t e d  a t  about 400 rpm during p l a t i n g ,  

Microhardness measurements w e r e  made on the d e p o s i t s  us ing  

s tandard  metal lographic  mounting and polish1 rig techniques i n  

conjunct ion w i t h  a E rns t  L e i t z  Durin;et mrcrohardness device" 

Hardness va lues  w e r e  taken a t  four  p o i n t s  (90' pos i t i ons )  around 

t h e  circumference of  t h e  specimen a t  about the c e n t e r  of t h e  

1 6  m i l  t h i c k  d e p o s i t -  The experimental r e s u l t s  are presented  

i n  Table 4, The r e s u l t s  i n d i c a t e  t h a t  there i s  no s i g n i f i c a n t  

change i n  hardness w i t h  the add i t ion  of palladium up t o  a 
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concent ra t ion  of  0,01, This  i s  i n  c o n t r a s t  t o  the general  de- 

crease i n  hardness t h a t  was e f f e c t e d  by additnofis of rhodium, 

TABLE 4 

MICROHARDNESS DATA ON Au-Pd ELECTRODEPOSITS 
* 
159. 

Pd/Au VHN 
Ion  R a t i o  

Rinq N o .  i n  Bath O0 goo 180° 270° 

48 0 0 0000 70.2 63,7 71,O 61-3 

49 0 0 0001 73,.2 74-7 67,5 64,9 

50 0 0 001 64,3 67-5 68,2 64.9 

51 0-01 69,5 64-3 7 8 , 7  79,5 

~ ~~~~~~~~ 

*Vickers Hardness N u m b e r ,  15 gram indentor  Load, 

3. Platinum - Treated Gold Bath 

Massive gold  e l ec t ro -depos i t s  w e r e  made from a 24K gold 

p l a t i n g  ba th  which had been m o d i f i e d  by platinum son add i t ions .  

I t  was reasoned t h a t  t h e  poss ib le  co-deposit ion of platinum 

wi th  the gold would r e s u l t  i n  p la tes  of improved w e a r  r e s i s t a n c e  

and h igher  hardness ,  Platinum ion  i n  t h e  form. of c h l o r o p l a t i n i c  

a c i d  (37,5% P t )  w a s  added t o  a p r o p r i e t a r y  24K n e u t r a l  gold 

p l a t i n g  bath.  Two Pt/Au ion  r a t aos  w e r e  nnves t iga ted ,  ,001 

and -01. Leaded b r a s s  sleeves w e r e  p l a t e d  from the ba ths  t o  

a t h i ckness  of approximately 15 thousandths of  an i n c h  a t  a 

c u r r e n t  dens i ty  of 5 amperes per square f o o t ,  R e s u l t s  of micro- 

hardness  de te rmina t ions  on pol ished specimens of t h e  d e p o s i t s  

a r e  shown i n  t h e  t a b l e .  A L e i t z  Durimet microhardness tester 

opera ted  w i t h  an inden to r  load of 1 5  grams was employed f o r  t h e  
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measurements, The hardness measurements w e r e  made a t  four  

p o s i t i o n s  around t h e  circumference of t h e  p l a t e d  sleeve, 

comparison of t h e  hardnesses of Rings 59 and 60 with  Ring N o .  48 

(no add i t ion )  i n d i c a t e s  t h a t  Pt/Au ion  r a t i o s  up  t o  , O l  exert 

no hardening e f f e c t  on t h e  depos i t s  obtained from a commercial 

24K gold  bath.  

A 

TABLE 5 -- 

MICROHARDNESS DATA ON Au-Pt  ELECTRODEPOSITS 
* 
15g 

Pt/Au VHN 
Ion  Rat io  ---- 

Rinq No. i n  Bath O0 goo 180' 270' 

1 48 0 0 000 70,2 6 3 , 7  7 1 , O  6 1 - 3  

59  0 0 001 54"5  48,3 5 2 - 6  47 0 5 

60  0.01 70,2 5 0 - 8  68-8  52,6 

* Vickers  Hardness N u m b e r ,  15 gram indentor  l oad ,  
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I V .  TABULATION O F  DATA 

Table 6 summarizes the run-in tes ts ,  i d e n t i f y i n g  the cap- 

s u l e  and the o b j e c t i v e  of each t e s t ,  

g ive  the  t abu la t ed  r e s u l t s  of a l l  tests g iv ing  the capsule  

number, tes t  cond i t ions ,  and noise  measurements taken a t  an 

Tables 7 ,  8 ,  9 ,  and 10  

i n d i c a t e d  t i m e  dur ing t h e  tes t ,  

CAPSULE 

1-28 

2-33 

1-37 

2-38 

Commercial, "B" 

1-39 

2-40 

Commercial, "A" 

2-42 

1-43 

2-44 

1-45 

TABLE 6 

RUN-1;: TESTS 

OBJECTIVE 

E f f e c t s  of recondi t ion ing  

Col lec t ion  of wear d e b r i s  

E f f e c t s  of P-38 o i l  l u b r i c a t i o n  

H i g h  cu r ren t  e f f e c t s  

Col lec t ion  of wear debris 

Repeat of P-38 o i l  l u b r i c a t i o n  

Lubr ica t ion  with g r a p h i t e - o i l  

E f f e c t s  of P-38 o i l  l u b r i c a t i o n  

E f f e c t s  of thermal s o l a t i o n ,  unlubri-  
ca ted  

Repeat of thermal i s o l a t i o n ,  unlubri-  
ca ted  

E f f e c t s  Of thermal i s o l a t i o n ,  
l u b r i c a t e d  wi th  P-38 

O s c i l l a t i o n  tes t ;  e f f e c t s  of thermal 
i s o l a t i o n ,  un lubr ica ted  
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TABLE 6 (Continued) 

CAPSULE 

1-46 

1-47 

1-55 

2-56 

2-57 

OBJECTIVE 

E f f e c t s  of vacuum, unlubr ica ted  

E f f e c t s  of vacuum, l u b r i c a t e d  with P-38 

O s c i l l a t i o n  test: effects of thermal 
i s o l a t i o n ,  l u b r i c a t e d  with P-38 

E f f e c t s  of vacuum and thermal i s o l a -  
t i o n ,  un lubr ica ted  

E f f e c t s  of vacuum and thermal i s o l a -  
t i o n ,  l u b r i c a t e d  w i t h  P-38 
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TABLE 7 

RUN-IN CHARACTERISTICS - COMMERCIAL CAPSULES 

T e s t  T i m e ,  Peak-to-peak RMS N o i s e  
C a p s u l e  C o n d i t i o n s  H o u r s  Noise, LLV db (1) 

I' B I '  ( 2) 0 40 12 

20 0 200 24 

310 2000 - 3000 50 

40 10 

40 10 

(1) 
(2) w i t h  a c u r r e n t  of 25 m a  

db values taken with reference t o  1 pv level  

A l l  tests a t  200 r p m  

I I T  R E S E A R C H  I N S T I T U T E  

-40- 



a , m  
E k  
-rl 3 
B O  

X 

0 0  o m  o r l  0 0  ocua3 
0 m l- 4 m m  
m m d 4 m  

m m  
d d  

0 0  
0 0  o m  
c u m  
I I  
0 0  
0 0  
0 0  
4 m  

m l -  
d d  

0 0  
0 0  
coo 
r l d  
I I  
0 0  
0 0  
0 0  
r l m  

a m l -  
l n m a  

m 
a, 

O r l  

k 
0 0 0  
0 0 0  
O O N  
d r l  

m o o  
l n l n m  

k 
I 

3 
k 
Q 

E rl 
a, 
5 
a, 
rl 

3 
2 
rl 

0 
4 

0 0 0  
0 0 0  
o o m  
d m  

3 
0 
k 
5 

a, 
U c 

a, w 
a, 
k 

8 a, 
k 
a, 
PI 
5 

5 
4 
3 

E 4  
k 

m 
CJ 

w 
0 
LI 

4 

w 
0 
LI 

0 
0 cv c 

8 4J 
i= 
a, 
k 
k 
5 u 

4J 
rd 
m 
U 

k 
w 5  a , u  
? 

rd 

5 

I I 0 
pc PI - tn 

Q) 
4J 

rd 

5 
-rl 
3 1" CU 

u 

rl 
4 
4 

a a l- m 
I 

I4 

a3 Q\ 0 
m m d 
I I I 

CJ d cu 

-4 
3 

n 
rl 
Y 

h cv 
Y 

n 
m 
Y 

-49- 



-- 

TABLE 9 

I 

THERMAL ISOLATION T E S T S  - I N E R T  GAS ATMOSPHERE 

RMS N o i s e ,  T e s t  T i m e ,  Peak-to-Peak 
Capsule  C o n d i t i o n s  H o u r s  N o i s e ,  CLV db (1) 

2-42 (2) 0 

130 
163 

60 
150 
I open 

13 
16 
- 

1-43 (2) 0 80 17 
96 6000 50 

110 - open - 

R i n q  #1 R i n q  #2 R i n q  #1 R i n a  #2 

2-44 P-38 O i i ,  !2 60 40 11 10 
41 2 60 50 12 10 ( 3) 

1-45 O s c i l l a t i o n  0 
( 3 )  , (4) 60 50 12 

560 120 19 

1-55 O s c i l l a t i o n  0 50 
130 (4) P-38 O i l  484 

(1) db values  taken w i t h  reference t o  1 pv level  
(2) w i t h  a c u r r e n t  of 25 m a  
(3) w i t h  a c u r r e n t  of 25 m a  fo r  a p p r o x i m a t e l y  on half  t i m e  
(4 )  frequency: 10-12 cps, t o t a l  d i s p l a c e m e n t :  1-0' t o  1.2O 

nonosc i l la tory  tests a t  200 r p m  

17 
18 

15 
17 
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V, SUMMARY AND CONCLUSIONS 

The r e s u l t s  of the experimental i n v e s t i g a t i o n  conducted 

during t h i s  program can be summarlzed a s  follows: 

A, 

B, 

c. 

D o  

Laboratory eva lua t ion  has  demonstrated t ha t  

commercial 80 -c i r cu i t  s l i p  r i n g  assembl ies  

e x h i b i t  the same v i b r a t i o n ,  t h re sho ld  and 

r e p e a t i b i l i t y  e f f e c t s  t h a t  w e r e  demonstrated 

by experimental  capsules ,  

Spectrographic  ana lyses  of wear debris 

i n d i c a t e d  t h a t  the only c o n s t i t u e n t  of the 

debris was gold  f r o m  the r i n g  s u r f a c e o  

i u a i u r e  of ::car rjyosits accumulated dur ing  

run-ins  of commercial capsules  i s  d i f f e r e n t  

from those of experln,ental  capsules ,  The 

reason f o r  t h a t  w a s  found t o  be the  thermal 

i s o l a t i o n  of r i n g s  i n  commercial capsu le s ,  

T h i s  thermal effect  causes  s e i z i n g  between 

r i n g  and brush a n d  r e s u l t s  i n  severe  g a l l i n g  

and e ros ion ,  

Surface l u b r i c a t i o n  w i t h  P-38 s y n t h e t l c  o i l  

has been found t o  be e f f e c t i v e  i n  maintaining 

low no i se  l e v e l s  and i n  minsmlzing wear of 

r i n g  and brush su r faces  ope ra t ing  i n  i n e r t  

atmosphere- 

.- 
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E ,  E lec t rodepos i t s  from rhodium, p a l l a d i m ,  and 

platinum modified gold ba ths  using prec ious  

metal  ion/gold ba th  i o n  r a t i o s  of up to 0,Ol 

d i d  no t  r e s u l t  i n  any significant i n c r e a s e  

i n  p l a t e  hardness,  

F, Thermal e f f e c t s  could not  be dup l i ca t ed  i n  

o s c i l l a t i o n  tests of i s o l a t e d  r i n g s ,  T h i s  

was apparent ly  due t o  the Low r o t a t i o n a l  

v e l o c i t y  used during the tests, 

G o  Prel iminary study of vacuum ope ra t ion  con- 

ducted a t  medium vacuum l e v e l s  i n d i c a t e d  

t h a t  sur fdce  lukricstinn with P-38 s y n t h e t i c  

o i l  was b e n e f i c i a l  in minimizing w e a r  products  

accumulation, 
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V I .  RECOMMENDATIONS 

The i n v e s t i g a t i o n  of s l i p  r i n g  performance i n  vacuum 

c a r r i e d  ou t  during t h i s  program was l i m i t e d ,  

of s l i p  r i n g  assemblies  i n  high vacuum of space r e q u i r e s  a 

f u r t h e r  comprehensive study" 

t h e  following a c t i v i t i e s  be pursued i n  o rde r  t o  c l e a r l y  de f ine  

t h e  problems of h igh  vacuum ope ra t ion ,  and t o  eva lua te  c o r r e c t i v e  

measures 

The u l t ima te  u s e  

Therefore,  i t  i s  recommended t h a t  

A. D i f f e r e n t  capsule  m a t e r i a l s  and design tech- 

niques should be evaluated i n  an intermediate-  

to-high vacuum environment, The e f f e c t s  of 

cut-gzssing of  dielectr ic  base m a t e r i a l s  and 

t h e  proper  l u b r i c a t i o n  techniques should be 

c a r e f u l l y  s tud ied ,  

B. The study of  t h e  e f f e c t s  of e l e c t r o p l a t i n g  

should be c a r r i e d  o u t ,  The prime v a r i a b l e s  

t o  be considered are:  p l a t i n g  c u r r e n t  d e n s i t y ,  

b a t h  composition and temperature 

agen t s ,  Present  work on hardening agen t s  in-  

cluded prec ious  metal  ion/gold ba th  ion  r a t i o s  

of up t o  0,01, This  r a t i o  should be increased  

t o  0 - 1  o r  h igher ,  

and hardening 

C ,  S t u d i e s  i n  a n  i n e r t  atmosphere should be con- 

t i nued  t o  a l i m i t e d  e x t e n t ,  mainly f o r  screening 

of  d i f f e r e n t  m a t e r i a l s  and l u b r i c a n t s ,  
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V I 1  0 CONTRIBUTING PERSONNEL AND LOGBOOKS 

S i g n i f i c a n t  c o n t r i b u t i o n s  t o  the over-al l  e f f o r t  of t h i s  

program w e r e  made by the f o l l o w i n g  I I T R I  s t a f f  m e m b e r s :  

Spectrographic A n a l y s i s  of Wear D e b r i s  - H , J ,  O ' N e i l l ,  
R e s e a r c h  C h e m i s t  

P rec ious  Metal H a r d e n i n g  Agents  

Laboratory E v a l u a t i o n  

C a p s u l e  and Apparatus Fabricat,ion 

Technical D i r e c t i o n  

- W ,  H,  G r a f t ,  
R e s e a r c h  M e t a l l u r g i s t  

- D, E ,  R i c h a r d s o n ,  
Sen io r  E l e c t r o n i c  

E n g i n e e r ,  and 
0 ,  M ,  K u r i t z a ,  
R e s e a r c h  E n g i n e e r  

- M ,  H o l z e r ,  J r , ,  
Model Maker 

- J, L o  R a d n i k  

The  detai led laboratory data  i s  contained ir; I I T R I  Logbooks 

C 1 4 6 2 2 ,  C 1 4 6 3 5 ,  C 1 4 9 4 2 ,  and C15698, 
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